Tobacco smoking has been found to be a major environmental factor associated with generalized forms of severe periodontitis. Altered serum and gingival crevicular fluid inflammatory cytokine profiles, immune cell function, and altered proteolytic regulations are noticed in smokers. These observations are not consistent, and to date, there has been no clear mechanism to explain how smoking may affect periodontal disease. Hence, the present study was undertaken to assess the impact of smoking on serum immunoglobulin G (IgG) levels in smokers with periodontitis and its potential role as a risk indicator of the disease process. 40 subjects (15 smokers and 15 nonsmokers with chronic periodontitis, 10 healthy controls) were included in the study. Smoking history was assessed according to a standardized interview and a questionnaire, Fagerstom Test for Nicotine Dependence. Serum immunoglobulin IgG was estimated with immunoturbidimetric assay. IgG levels were significantly decreased with longer duration of smoking. In addition levels of serum IgG were significantly lower in smokers compared to non-smokers with chronic periodontitis and healthy controls (P < 0.001). Current observations indicate that cigarette smoking may be associated with the suppression of B-cell function and immunoglobulin production. The alteration of antibody levels further explains the potential mechanism by which smoking exacerbates periodontal disease. Further studies at the molecular level may highlight the specific mechanism by which tobacco can interact with cells of the immune system and its impact on periodontal disease process. Additional controlled, longitudinal studies may expound the significance of serum antibodies as potential markers for periodontal disease.
Introduction
Chronic periodontitis is the result of a response of the host to bacterial aggregations on the tooth surfaces. Inflammation and destruction of periodontal tissues are largely considered to result from the response of a susceptible host to a microbial biofilm containing Gram-negative bacteria [1] . Among the risk factors identified for periodontitis are age, gender, socioeconomic status, and genetic predisposition, bacterial colonization, certain systemic conditions and smoking [2] - [4] .
Tobacco smoking has been found to be a major environmental factor associated with periodontal disease [5] - [7] . Epidemiological studies on the relationship between tobacco use and periodontal diseases consistently reported that cigarette smokers are five times more likely to develop severe periodontitis than non-smokers [8] - [10] . These investigators also reported a relationship between the duration of smoking and increased clinical attachment loss. The current understanding of the pathogenesis of periodontal disease suggests that periodontal tissue is destroyed by the modulation of host defences by bacterial products [4] . This stimulates the host inflammatory process and releases cytokines and enzymes capable of destroying the host tissues. This does not preclude a role for bacteria and virulence factors, but suggests that in most forms of periodontal disease, destruction is a consequence of the host response to these factors [11] . Further, this suggests that the most relevant virulence factors are those that strongly stimulate the destruction of host tissues by host-derived molecules [12] .
Systemic alterations of the cellular and humoral immune responses to periodontal pathogens in presence of environmental risk factors such as smoking, have been evaluated including immunosuppression, exaggerated inflammatory cell responses, impaired neutrophils, and reduced antibody production [13] . The exact mechanism by which tobacco smoking influences the periodontal tissues is still unclear. Biological plausible mechanisms for the effects of smoking on periodontium can be described with supportive evidence. The effects of smoking were remarkably selective with respect to both IgG and race. The present study is different from earlier studies because of variation in race. However, research is still required to more thoroughly clarify the pathways by which tobacco smoking and its constituents exert effects on the pathogenesis and treatment outcomes of periodontal disease. Hence in the present study the levels of serum IgG in response to chronic periodontitis was evaluated in smokers and non-smokers.
Materials and Methods

Study Population
The present study was conducted in the Department of Periodontics, Manipal College of Dental Sciences, Mangalore, India. It was approved by Institutional Ethics Committee, Kasturba Medical College, Mangalore, India. A total of 40 systemically healthy males, smokers and non-smokers, aged between 25 to 55 years old, were included in the study. The healthy subjects were included in the control category and cases were subjects with chronic periodontitis (smokers and non-smokers). Subjects who were former smokers, those taking smokeless tobacco, and those who have undergone periodontal treatment or were on antibiotic therapy within the preceding 3 months were excluded from the study.
Patients were informed about the purpose and design of the study prior to initiation of the study and were required to sign an informed consent. The study protocol and consent form were approved by the Institutional Ethics Committee. 15 smoker patients with clinical attachment loss of >3 mm and probing pocket depth of ≥4 mm in at least 30% of the sites were included in Group 1 [14] . Subjects who smoked minimum of 10 cigarettes per day for not less than two years were included in Group 2 [15] . 15 patients with clinical attachment loss >3 mm and probing pocket depth of ≥4 mm in at least 30% of the sites were included in this group and remainder 10 non smoker subjects who have clinically healthy gingiva and no clinical attachment loss were included in control group.
Smoking status was determined according to daily consumption and period of cigarettes smoking [15] . The smoking history was assessed according to a standardized interview and a questionnaire, Fagerstom Test for Nicotine Dependence [16] . The smoking exposure was expressed in terms of consumption (number of cigarette per day) and duration (in years). Following this patients were classified as either smokers or non-smokers. Those who were included smoked a minimum of 10 cigarettes per day for a minimum period of two years.
For each patient, a set of complete examination of extraoral and intraoral full-mouth clinical assessment and the individual number of teeth present; excluding the third molars, were documented. The examination sets and clinical measurements were taken by the same examiner for all the patients. The following clinical indices Plaque index (PI), Gingival index (GI), Modified sulcular bleeding index (mSBI), Probing pocket depth (PPD) and Clinical attachment level (CAL) were measured.
Ten millilitres of venous blood sample were collected from each patient by venipuncture in the antecubital fossa without excessive venous stasis. The blood samples were drawn by well-trained medical assistant using Vacutainer containing no anticoagulant and allowed to clot. The serum samples were collected and then centrifuged at 3000 rpm for 10 min. The samples were stored in plastic vials at −20˚C [17] .
Immunoturbidimetric Assay
Estimation of total serum IgG levels were performed by immunoturbidimetry. The method is based on assessing the immunoprecipitation reaction by measuring the intensity of transmitted light measured as absorbance with the help of immunoturbidimetric method using Automated Analyser (Cobas Integra ® 800) [18] . Sample containing human IgG is suitably diluted and then reacted with specific antiserum to form a precipitate which is measured turbidimetrically at 340 nm. By constructing a standard curve from the absorbances of standards, the IgG concentration of sample can be determined. Normal range: 800 -1800 mg/dl.
Statistical Analysis
Means and standard deviations for age, number of teeth, Plaque Index, Gingival Index, modified Sulcular Bleeding Index, Periodontal Probing Depths, Clinical Attachment Levels, and serum IgG of the subjects (Group 1, 2 and 3) were analyzed. Differences between the three study groups for all variables were determined with Kruskal Wallis test (H) (to explore the differences between any two groups) Mann Whitney U test (z) was used to analyze the mean differences of PPD and CAL between Group 1 and 2. Correlation between IgG level and pack years was determined using Spearman's correlation coefficient. P values <0.05 were considered significant. For all statistical calculations, the statistical Program for Social Sciences (version 11.5, SPSS Inc., India) was used.
Results
A total of 40 systemically healthy male patients were included in this study of which 15 patients in Group 1 (smoker with periodontitis), 15 in Group 2 (non-smoker with periodontitis) and 10 patients were in Group 3 (healthy controls). The mean age of Group 1, Group 2 and Group 3 were 42.93 ± 8.09, 45.66 ± 8.63 and 39.30 ± 10.45 years, respectively. The mean Plaque Index (PI), gingival index (GI) and modified sulcular bleeding index (mSBI) in non-smoker with periodontitis was higher as compared to smoker with periodontitis and healthy individuals.
The periodontal pocket depth was measured at six sites and the mean values in millimetres were calculated for each subject in Group 1 and 2. The mean probing pocket depth and clinical attachment level of Group 1 were 5.78 ± 0.71 and 5.99 ± 0.79 respectively and that of Group 2 were 5.29 ± 0.40 and 5.84 ± 0.48 respectively. Group 1 had a significantly higher probing pocket depth compared to Group 2 (p > 0.05) and the clinical attachment loss was also higher than that of Group 2 but not statistically significant (p = 0.52).
The correlation of PPD with PI, GI and mSBI in Group 1 and 2 was also analysed using Spearman's correlation coefficient ( Table 1) . PPD was negatively correlated with PI, GI and mSBI in Group 1 and positively correlated with PI, GI and mSBI in group 2.
The mean duration of smoking was 15 years and IgG levels was significantly decreased with longer duration of smoking (p = 0.041) ( Table 2) .
The mean IgG levels were 1176.46 ± 242.49 mg/dl in Group 1, 1500.66 ± 178.22 mg/dl in Group 2 and 1340.00 ± 200.66 mg/dl in Group 3 (Graph 1). The serum IgG antibody showed significantly lower levels in Group 1 compared to Group 2 (p < 0.001). Group 3 showed lower IgG levels when compared with the values of Group 1 and 2 but was statistically not significant.
Discussion
Evidence obtained from cross-sectional risk assessment studies and several longitudinal studies have suggested the causal role of association between tobacco smoking and the progression of periodontitis in humans [19] . The exact mechanism by which tobacco exerts its influence on oral health has not been fully understood or explained by experiments. Smoking has been shown to have an adverse effect on fibroblast function, chemotaxis and phagocytosis by neutrophils [20] and immunoglobulin production [21] . The purpose of the present study was to evaluate impact of smoking on serum IgG levels in smokers with periodontitis and its potential role as a risk indicator of the disease process. This cross sectional study included 40 systemically healthy male patients who were subdivided into 3 Groups, Group 1 (smoker with periodontitis), Group 2 (non smoker with chronic periodontitis) and Group 3 (controls). Because of the low prevalence of female smokers in India [22] , this study examined only male patients. Similarly, Yanagisawa T et al. (2010) [23] conducted a study to determine the relationships between the number of teeth present and periodontal diseases with smoking habits in a cohort of Japanese men and they have mentioned the same reasons for examining only male patients in their study.
In the present study, correlation between IgG level and duration of smoking was analysed and we found that the mean duration of smoking was 15 years and IgG levels was significantly decreased with longer duration of smoking and this result is in agreement with the results of the previous study by P. Moszczynski et al. (2001) [24] .
Group 1 showed lower GI and mSBI compared with Group 2. Smoking suppresses the inflammatory response to plaque challenge, and therefore masks clinical signs of gingival inflammation [13] . The correlation of PPD with PI, GI and mSBI in Group 1 and 2 was also analysed. PPD was negatively correlated with PI, GI and mSBI in group which is consistent with other reports [13] , implying that the harmful effects of smoking on periodontal health may not be associated with plaque accumulation and poor oral hygiene.
The relationship between plaque accumulation and development of inflammation in smokers has been studied in classical experimental gingivitis studies [25] . They demonstrated that there is no difference in plaque accumulation when comparing smokers and non-smokers. However, the development of inflammation was very much retarded in the smoking group with less sites exhibiting bleeding on probing. The reduced bleeding has previously been proposed to be caused by nicotine-induced vasoconstriction, but more recent evidence has failed to show a reduction in blood flow to the gingiva following smoking a cigarette in regular smokers [13] .
Group 1 had a significantly higher PPD compared to Group 2 and CAL was also higher as compared to Group 2. Previous study by Haber J and Kent RL (1992) [26] showed that the proportion of PPDs ≥ 4 mm is higher in current smokers than never smokers in all regions and on all tooth surfaces suggests that smoking is associated with increased disease severity.
IgG antibodies have been considered important in preventing periodontal destruction in patients with aggressive and chronic periodontitis [27] . It was also observed that the serum IgG levels were elevated in individuals suffering from chronic periodontitis. The high serum level of IgG antibodies in chronic periodontitis may simply represent an inflammatory reaction to the external microbial challenge. In the present study, serum IgG level was found to be higher in non smokers as compared with periodontally intact control subjects and this result is in agreement with the previous studies [17] [28] .
Plasma levels of antibodies are regarded as indices of immunity and smoking is now an acceptable risk factor for reduced level of IgG [24] . The serum IgG was found to be significantly lower among Group 1 compared to Group 2 and 3. One of the mechanisms to explain this finding is that smoking decreases the proliferative capacity of T-cells and T-cell-dependent antibody responses which affects B-cell function and antibody generation. It is possible that B-cells are functionally compromised by the reduced proliferative responses to oral pathogens, resulting in decreased production of serum antibodies. In addition, it has been shown that alveolar macrophages from smokers exhibit reduced expression as antigen-presenting cells. This may eventually lead to a reduction in the humoral immune response to invading organisms in periodontitis patients.
The results of the present study are in agreement with the observations of the previous researchers [5] [17] [27] . More specifically, smokers have been shown to have reduced titers of serum IgG to P. intermedia and F. Nucleatum [26] . The major antibody response in periodontitis is IgG, presumably in response to bacterial polysaccharide and outer membrane protein of gram negative periodontal pathogen. There are conflicting data regarding the influence of cigarette smoking on the levels of serum IgA and IgM. While some reports suggest that smoking suppresses serum levels of IgM and IgA [29] , others indicate that one or another of these isotypes is not affected by smoking.
There were certain limitations of this study. The sample size of the study was less. Larger sample sizes could have permitted greater confidence in the results. Because of the low prevalence of female smokers, this study examined only men. However, the prevalence of smoking among women in their 20 s and 30 s has recently increased [30] . In this study we have used a questionnaire to assess the smoking status of the patients which is a subjective measure.
Due to the relationship between antibodies and periodontal infection, the potential application of antibody titers for periodontal diagnostic purposes has received considerable research attention. Individuals with periodontitis often have elevated antibody titers to periodontal pathogens, as compared to periodontally healthy controls. Precisely the serum IgG may be reflective of the destructive periodontal disease and its levels can be considered a risk indicator for the disease progression. The possible influence of smoking on serum IgG and IgG2 antibody levels noted in the present and previous studies stress the significance of smoking as a potential risk factor for the development and progression of periodontitis among smokers [5] [17] [27] .
Furthermore, Smoking cessation significantly improves the outcome of non-surgical periodontal therapy [31] . Further studies can be done for the effect of periodontal therapy and smoking cessation.
Conclusion
Current observations indicate that cigarette smoking may be associated with the suppression of B-cell function and immunoglobulin production. The alteration of antibody levels further explains the potential mechanism by which smoking exacerbates periodontal disease. Further research will elucidate the molecular mechanism by which smoking affects the immune system. Additional controlled, longitudinal studies may expound the significance of serum antibodies as potential markers for periodontal disease.
